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RESEARCH MEMORANDUM

ALTITUDE-CHAMBER INVESTIGATION OF 'J73-GE-1A TURBOJET
ENGINE COMPONENT PERFORMANCE

By Carl E. Campbell and Adam E. Sobolewski

SUMMARY

An investigation to determine the altitude performesnce character-
istics of a J73-GE-1A turbojet engline was conducted in an altitude cham-
ber at the NACA Lewis laboratory. The engine had a ten-percent oversize
turbine-nozzle area compared with the production J73 engine. A fixed-
area exhaust nozzle, designed to give limiting temperature at rated
speed and static sea-level conditions, was used. Accordingly, the com-
ponent performance was restricted to those conditions which exist along
the engine opereting line. The engine was operated over a corrected
engine speed range from 83 to 108 percent of rated speed wlth the
varisble inlet guide vanes in the open position as normally scheduled
for this engine speed range. Data were obtained at simulated altitudes
from 15,000 to 55,000 feet and £light Mech numbers from spproximately
0.07 to 1.01. The range of Reynolds number index was from 0.90 to 0.20.

A reduction in Reynolds number index from 0.90 to 0.20 lowered the
compressor efficiency about 0.025 and the corrected air flow sbout
2 percent but did not affect the compressor pressure ratio at a given
corrected engine speed. At a given corrected turblne speed, there was
nc noticeable effect of Reynolds number on turbine performance. Total-
pressure logsses throughout the engine were not affected apprecisbly by
changes in the Reynolds number index. The maximum values of compressor
efficiency, turblne efficiency, and combustlon efficiency obtained in
this investigation were 0.853, 0.865, and 0,96, respectively. The mini-
mum combustlon efficiency obtalined wes about 0.94 &t the lowest cor-
rected engine speed (89 percent of rated speed) that wes investigated
at a Reynolds number index of 0.20. At rated corrected engine speed,
the total-pressure loss across the combustor was 0.046 of the combustor-
inlet pressure. The compressor-outlet diffuser and the tall-pipe 4if-
fuser total-pressure loss ratios were less than 0.0l and 0.03,
respectlvely.
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INTRODUCTION

An investigation to determine the altitude-performance characteris-~
tics of a J73-GE-1A turbojet engine was conducted in an altitude chamber
at the NACA Lewis laboratory. This engine incorporated variable inlet
gulde vanes as a means of avolding part-speed surge. The engine also
wa.s provided with a 10-percent oversize turbine-nozzle area (compared
with the productlon J73 engine) for the purpose of avoiding stall during
flight tests until a more refined automatic control could be developed.
The engline incorporated a fixed-area exhaust nozzle designed to give
limiting temperature at rated speed and static sea-level conditions.
Accordingly, performance of the engine components operating as integral
parts of the engline is presented herein only at the conditions that
exlst along the engine operating line.

Data were obtalned over_a corrected engine speed range from approxi-
mately 83 to 108 percent of rated speed with the variable inlet guide
vanes in the open position, &s normally scheduled for this emngine speed
range. The investigatlion was conducted at simuliated sltitudes from
15,000 to 55,000 feet with simulated flight Mach numbers from approxl-
mately 0.07 to 1.01. The range of Reynolds number index was from
approxlmately 0.90 to 0.20. o

Radial pressure and temperature proflles at the engine Inlet, com-
pressor outlet, compressor-diffuser outlet, turbine inlet, turbine out-
let, and exhaust-nozzle inlet are shown at the extreme ranges of alti-
tude, flight Mach number, and corrected engine speed. Compressor per-
formance and pressure loss data are shown as functions of corrected
engline speed, combustion efficiency as a function of combustor-inlet
conditions, turbine performance as & function of corrected turbine
speed, and exhaust-nozzle performance as a function of exhaust-nozzle
pressure ratio. All component performance data are also presented in
table I.

INSTALLATION AND INSTRUMENTATION

ne. - A view of the J73-GE-1A turbojet engine installed in the
altitude chamber 1s shown in figure 1. The engine has varlsble inlet
guide vanes, a l2-stage axial-flow compressor, a cenmilar-type coubustor,
a two-stage turbine, and a Tixed conical exhaust nozzle with a cold
diameter of 20.95 inches. Pending development of & more refined engine
control, this engine, along with others of the same model intended for
early flight tests, is provided with a turbine-nozzle area ten percent
larger than the standard productlon engines will have in order to avold
compressor surge. Compressor-outlet leakage and bleed air are used as”
8 balance piston force at the front of the compressor and for cooling
the turbine disks and the first-stage turbine stator. This air is then

-
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returned to the engine tail pipe downstream of the turbine. At the
rated engine speed of 7950 rpm and an exbaust-gas temperature of 1215 F
et static sea-level conditions, the rated thrust of the engine is 8630
pounds with an air flow of epproximately 142 pounds per second.

Compressor. - The 12-stage axlal-flow compressor (fig. 2(a)) has =

tip diameter of 32% inches and & pressure ratio of 6.5:1 at rated engine

speed. The hub-tip ratios at the first and twelfth stages are approxi-
mately 0.455 and 0.88, respectively. The 21 variable inlet gulde vanes
rotate simultanecusly through an angle of 30° from the open to the
closed position. In the open position, the angle between the engine
center line and a line tangent to the leading and tralling edges of the
guide-vane airfoil sections is zero at the root and 13° at the tip.

Combustor. -~ The capnular combustion system consists of an annular
space conbtaining ten can-type liners that are connected to the turbine-
inlet annulus by transition liners (fig. 2(b)). The large elliptical
cross-over tubés, which interconnect the ten combustor liners, were
designed to faclilitate flame propagation during starts at high altltude.
A maximum combustor flow area of approximetely 5.3 square feet results
1n an average reference veloclty of about 95 feet per second in the
combustor.

A fuel nozzle projJects into the dome of each of the combustor
liners. The fuel nozzles are a duplex design with & large and & small
slot supplied by two seperate fuel manifolds. Only the small slots
function at low fuel flow rates; but &s the fuel pressure increases,
the flow divider opens and supplies fuel to the large slots as well.

Turbine. - A photograph of the two turbine rotors is shown in fig-
ure 2(c). The first-stage turbine rotor contains 57 blades, has a tip

diameter of 29l inches, and has & hub-tip ratio of 0.73. The second-stage

turbine rotor has 47 blades, a tip diameter of 318 inches, and a hub-

tip ratio of 0.64. Both rotors have a radial tip clearance of approxi-
metely 0.050 inch. The first-stage turbine stator conbains 40 vanes
vhich have internsl passages for the flow of cooling air obtained from
the compressor discharge through the midframe. The second-stage tur-
bine stator has 53 vanes Increasing in height from the leading edge to
the trailing edge by sn amount corresponding to the change in turbine-
blade height between the two stages.

Altitude chsmber. - The altitude-chamber test section in which the
engine was installed is 14 feet in diameter and 20 feet long (fig. 3).
The test platform on which the engine was rigidly mounted is connected
by a linkage to a balance-pressure digphragm for measuring engine thrust.
A honeycomb 1s installed in the chember upstream of the test section to
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straighten and smooth the flow of inlet air. The front bulkhead, which
incorporates a labyrinth seal sround the forward end of the engine, pre-
vents the flow of combustion air directly into the engine compartment
and exhaust system, and provides a means of meintalning & pressure dif-
ference across the engine. A bellmouth cowl was installed on the front
bulkhead Jjust ahead of the engine to obtain a smooth flow of air into
the compressor.

Air supplled to the inlet section of the altitude chawber can be
either heated or refrigerated dry air, or atmospheric air. Exhaust
gases from the Jet nozzle pass through an exhaust section, a primary
cooler, an exhaust header; and a secondary cooler before entering the
exhauster system. The inlet and exhaust pressure controls were designed
to maintain automatically a constant ram-pressure ratio and exhaust
Pressure. - - ~

Instrumentation. - The location of instrumentation stations through-
out the engine is shown in the cross-sectional sketch of figure 4.
Schematlc sketches of the instrumentation at the engine inlet, com-
pressor outlet, compressor-diffuser outlet, turbine inlet, turbine out-
let, and exhsust-nozzle 1nlet are shown in figure 5. All pressures
were measured by means of alkazene and mercury menometers and were
photographically recorded. Temperatures were measured with iron-
constantan and chromel-alumel thermocouples and were recorded by self-
balancing potentiometers. Engine speed was measured by a chronometric
tachometer and fuel flow by means of a calibrated rotameter.

PROCEDURE

Performence characteristics of the engine components were obtained
at simzlated altitudes from 15,000 to 55,000 feet and flight Mach num-
bers from 0.07 to 1.01l. Engine speed was varied froun approximately
6400 rpm to 7950 rpm with the varlable inlet gulde vanes In the open
position. Engine speeds for which the inlet guide vanes are scheduled
in the closed position were not investigated because special instru-
mentatlion installed on the guide vanes during thils portion of the in-
vestigation prevented changing their position. Inlet air temperatures
from sbout 44° to -25° F were obtained, but, in general, the standard
NACA inlet temperatures were not obtained because of a temporary lim-
itation ln the refrigeration system. Therefore, the Reynolds number
indices indicated for the various simulated flight conditions differ
s8lightly from those corresponding to standard temperature conditions.
The fuel used throughout the investigation was MIL-F-5624A grade JP-4
with a lower heating value of 18,700 Btu per pound and a hydrogen-cerbon
ratio of 0.168. The symbols and methods of calculation used to deter-
mine the performance of components along an engine operating line are
given in appendixes A and B.

3027
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RESULTS AND DISCUSSION
Radial Pressure and Temperature Profiles

In order to define the envirommental condltions under which each of
the engine components operates at varlous flight conditions and engine
speeds, radial pressure and temperature proflles measured at several
stations within the englne are presented in figures 6 to 11. These
data not only indicate the inlet conditions for a gliven component but
also show the effect of each component in changing the radial profile
of pressure and temperature of the ges in passing through that compo-
nent. Profiles are presented in the form of an average radial pressure
or temperature divided by the over-all average pressure or temperature
in order to compare proflles at different pressure and temperature lev-
els. The average radial pressure or temperature 1s an average of from
two to four circumferential measurements at the same radial location.

Ag would be expected, both the temperature profile and the total-
and static-pressure profliles at the englne inlet were extremely flat
with the exception of & slight reduction of total pressure near the ocub-
side wall due to boundary-layer build-up (fig. 6). This boundary layer
existed in the outer 10 percent of the passage height, and the maximum
total-pressure deflcit measured was about 1 percent of the average
pressure.

At the compressor outlet (fig. 7), the total pressure was found to
vary by as much as iz%vpercent of the average total pressure, with the

lowest value occurring near the blade root (inner wall) at all operat-
ing conditions. Coupled with the higher temperature at the root

(£ig. 7(b)), it appears that the root-section efficiency is appreciably
lower than the average compressor efficliency, particularly at high
englne speeds. The temperature measurements, however, are too meager
to accurately define the radial efficlency distribution. As the cor-
rected engine speed was reduced from approximately rated speed, the
peak pressure moved lnward from 50 percent of the passage helight to

27 percent, the pressure at the blade root increased, and the pressure
at the tip decreased. Inasmich as the temperature near the root was
lowered with engine speed, the root-sectlon efficlency was apparently
improved as the speed decreased. The 1nflection point shown by most
of the total-pressure curves at 72 percent passage helight may be due
to the wake from an annulsr splitter vane which was located Jjust up-
stream of the instrumentation &t a passage helght of 65 percent. The
function of the splitter vane is to prevent flow separation from the
inner walls of the diffuser conducting the flow from the compressor
outlet into the combustor section.

Profiles of total pressure obtalned from a single rake near -the
outlet of the diffuser are shown in flgure 8. At low engine speeds, the
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profiles were similar to those at the compressor outlet. However, at
high engine speeds the peak pressure shlfted toward the outer wall,
indicating thet the flow tends to breek away somewhat from the sloping
diffuser inner wall at high engine speeds.

At the turbine inlet (fig. 9), there was no discernible effect of
engine speed or flight condition on the total-pressure profiles. The
same general proflle shape existed at the turbine inlet as at the com-
pressor ocutlet in that peak pregsure occurred nesr mldpassage and
the pressure at the inner wall was lower than at the outer wall. How-
ever, the maximum deviation from the average turbine-inlet total pres-
sure did not exceed x1/2 of 1 percent.

Radlal profiles of total pressure and temperature at the turbine
outlet (station 6) are shown in figure 10. The total pressure reached
peek values between 20 and 40 percent of the passage height from the
blade root and dropped off toward either wall. There were no signifi-
cant effects of engine speed or flight conditions on the profile. The
total-temperature profiles were similar for all conditions shown except
for operation at & corrected engine speed of 7996 rpm, an altitude of
15,000 feet, and & flight Mach number of 0.8. At this condition, the
peak temperature shifted radially inward from the average poslition at
50 percent of the passage helght to 26 percent of the passage height.
Such a trend might be serious inasmuch as the maximm permissible gas
temperature is lower near the turbine blade roots than near the blade
tips as a result of the higher root stresses. Dats were not obteined
at lower altitudes and therefore this apparent trend cannot be verified.

Similar profiles obtalined at statlon 7 in the exhaust nozzle are
presented in figure 11. Both the pressure and temperature profiles zre
quite similar to those at the turbine ocutlet over comparable ranges of
percent of passage height. A comparison of the pressure profile
does, however, indicaete an appreciable pressure loss nedr the outer
wall of the tail-plpe assembly.

In order to summarize the trends indicated by the pressure and
temperature profiles, i1t can be stated that the total-pressure profiles
at various stations throughout the engine were, in general, unaffected
by chenges in Reynolds number index. At high engine speeds, the total-
pressure profile shifted toward the outer wall at the compressor-
diffuser outlet, but this effect disappeared at the turbine inlet. The
temperature profiles showed no appreclable effects of Reynolds number
index ar engine speed with the exception of a turbine-outlet pesk tem-
perature shift toward the root at the highest pressure level investigated.

Compressor Performance

The corrected compressor air flow oblajined at each Reynolds number
index 1s showt in figure lZ(a) over the range of corrected englne
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speeds investigated. At a Reynolds number index of 0.90 and rated cor-
rected engine speed of 7950 rpm, the corrected compressor air flow was
142 pounds per second. Reducing the Reynolds number index to 0.20 at
the same corrected speed lowered the correcited sir flow to 139.5 pourds
per second. The relatively steep slope of the air-flow curves at rated
speed Indicates that the engine can operate &t appreciably higher cor-
rected speeds before the air flow becomes choked at the compressor inlet.

The effects of corrected engine speed and Reynolds number index on
compressor efficiency are shown in figure 12(b). Peak values of com-
pressor efficiency occurred at corrected englne speeds between 85 and
90 percent of rated speed for all Reynolds number indices and were about
3 percent higher than the efflclency values obtained at rated speed.

The maxiwum compressor efficiency obtained in thils 1nvestigation was
0.853 at a Reynolds number index of 0.90 and a corrected englne speed
of gbout 7100 rpm. At a glven corrected engine speed, lowering the
Reynolds number index from 0.90 to 0.20 reduced the compressor effi-
ciency about 0.025.

Compressor total-pressure ratlio is presented in figure lZ(c) as a
function of corrected engine speed for the range of Reynolds number
indices investigated. The compressor pressure ratlo generalized with
corrected engine speed for all values of Reynolds number index. In
most axial-flow turbojet engines, the pressure ratio increases slightly
with lower Reynolds number indices (see ref. 1); however, the effects
of decreased corrected air flow and compressor efficiency combined with
the attendant lncrease in corrected turbine-inlet temperature as the
Reynolds number index was lowered were such that the compressor operat-
ing line did not shift in this engine. Therefore, the reductions in
corrected air flow and compressor efficilency discussed previously are
due to Reynolds number effects alone (figs. 12(a) and (b)). Compressor
pressure ratio increased almost linearly with Increased corrected engine
speed up to ebout rated speed and increased at a slightly lower rate
thereafter. At corrected engine speeds of 7950 rpm (rated speed) and
8600 rpm (meximum speed obtained), the values of compressor pressure
ratio were 6.5 and 7.3, respectlvely.

The compressor-outlet-diffuser total-pressure losses wWere less
than 1 percent of the diffuser-inlet total pressure as shown in fig-
ure 13. The total-pressure loss ratlo reached a peak at a corrected
engine speed of 7600 rpm and was not noticeably affected by changes
i1n Reynolds number index.

Combustor Performance
Combustion efficiencies obtalned at all flight conditions and

engine speeds are shown in figure 14(a) as & function of the combustor-
inlet parameter P4T4/VR, vhich is derived in reference 2. Over the
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range of f£light conditions and engine speeds lnvestigated, cowbustor-
inlet pressure varied from 1830 to 11,800 pounds per square Foot,
combustor-inlet temperature varied from 769° to 927° R, and the average
combustor reference veloclity was sbout 95 feet per second. For this
range of combustor-inlet condlitions, combustion efficiencies ranged
from 0.94 to 0.96. The trend of the data at the lowest values of
P4T4/VR indicates that the combustion efficiency would start to de-
crease rapidly at a Reynolds number index of 0.20 if the corrected
engline speed were lowered eppreciebly beyond the minimum value of 7052
rpm cbtained in this Investigation. However, in the range of normal
operating speeds at Reynolds number indices of G.24 and 0.20, which cor-~
respond to. transonic flight Mach numbers at altitudes of 49,000 and
55,000 feet, respectively, the combustion efficiency was 0.94 or higher.

The combustor total-pressure loss ratic (fig. 14(b)) decreased from
about 0.055 at the lowest corrected engine speed investigated to an
average value for all flight conditions of ebout 0.046 at a corrected
engine speed of 7950 rpm. In geéneral, the total-pressure loss ratio
Increased very slightly as Reynolds number index was reduced. This
increast was due to the increased momentum pressure loss resulting from
the higher combustor temperature rise required at the lower Reynolde
nunmber indices as compressor efficlency became lower

Turbine Performance

The variation of turbine efflciency, turbine pressure ratio, and -
corrected turbine gas flow with corrected turbine speéed is shown in
figure 15. Turbine efficiency increased from about 0.815 at the lowest
corrected turbine speed of 3855 rpm to a peak of 0.865 at & corrected
turbine speed of about 4075 rpm. This variation of turbine efficiency
i1s almost entirely an effect of corrected turbine speed inasmuch as the
turbine pressure ratic was essentially coustant at 2.7 for all f£flight
conditions and englne conditions investigated. Within the accuracy of
the data, there was no discernible turbine Reynolds number effect on
turbine efficiency. All turbine efficlencies obtained at a Reynolds
number index of 0.90 were in the neighborhood of 0.86. As the Reynolds
number index was reduced, the increased turbine-inlet temperature re-
quired as compressor efficiency dropped off resulted in a shift to lower
corrected turbine speeds for a given corrected engine speed, or a shift
away from the reglon of peak turbine efficlency. At a Reynolds number
index of 0.20, the turbine efficiency was stlill about 0.86 at a carrected
engine speed of8093 xrpm but decreased to 0.84 at a corrected engine
speed of 7059 rpm.

As shown in figure 15, the varlation of corrected turbine gas flow

with corrected turbine speed generellzed for all flight conditions
investigated; 1t was lmpossible to determine a turbine Reynolds number
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effect on corrected turbine ges flow because of the limited amount and
accuracy of the data. The constant value of corrected turbine gas flow
with the variations of corrected turbine speed indicates that the first-
stage turbine nozzles were choked at all flight conditions and englne
conditions investigated. Calculations based on the choked corrected
gas Tlow value of 47.2 poundé per second show the effective turbine-
nozzle area to be about 0.95 square foot.

Tail-Pipe-Diffuser and Exhaust-Nozzle Performance

The tail-pipe-diffuser total-pressure loss was less than 3 percent
of the turbine-outlet total pressure as shown in figure 16. The total-
pressure loss ratlio reached a peak value at & corrected engine speed of
approximately 7600 rpm and did not show & variation with Reynolds number
index. '

The exhsust-nozzle flow coefficlent and thrust coefficlent are
shown in figure 17 as functions of exhaust-nozzle pressure ratio (ratio
of nozzle-inlet total pressure to free-stream static pressure). The
nozzle flow coefficlent is deflned as the ratlo of effective nozzle
area to geometrlc aresa and can be expressed as the ratlo of mass flow
determined at the engine 1nlet to the mass flow calculated by using
‘the nozzle-inlet measurements and the exhaust-nozzle-outlet area. At
exhaust-nozzle pressure ratlos above approximately 2.2, the flow copef-
ficlent was constant at & value of 0.99. Decreasing the nozzle pres-
sure ratio to 1.6 lowered the flow coefficient to 0.97.

The exhaust-nozzle thrust coefficient, which ls a measure of the
ratio of actual jet velocity to ideal Jet veloclty downstream of the
nozzle exit, was determined from the ratio of scale Jet thrust to rake
Jjet thrust. At all values of exhaust-nozzle pressure ratio investigated,
the thrust coefficient was constant at a value of about 1.00. The val-~
ues of thrust coefficient or veloclity coefficient obtained in this in-
vestigation are approximately 2 percent higher than would be expected
according to other investigations (see ref. 3) of similar exhaust noz-
zles (outlet diameter, 20.95 in.; cone half-angle, 6°). These high
values of thrust coefflcient are settributed primarily to errors in the
average total pressure at the exhsust-nozzle inlet because of the fact
that a large total-pressure gradient exlsted at that station (see fig.
11(a)). For this reason also, the values of the flow coefficlent may
be slightly higher than the true values.

SUMMARY OF RESULTS

From an eltitude-chamber investigation of the component performence
of a J73-GE-1A turbojet engine, the followlng results were obtained:
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1. Pressure and temperature profiles throughout the engine showed
no significant effects of flight condition or engline speed with the pos-
sible exception of a slight shift ir meximum turblne-outlet temperature
toward the root at the highest pressure level investigated.

2. The waximum compressor efficiency obteined was 0.853 at a Rey-
nolds number index of 0.890 and a corrected engine speed of about 7100
rpm. A reduction in Reynolds number index from 0.90 to 0.20 lowered
the compressor efficiency gbout 0.025 and lowered the corrected air
flow about 2 percent, on the average, but did not affect the compressor
pressure ratio at a given corrected engine speed.

3. The combustion efficlency was 0.94 or higher in the range of
normal operating speeds at Reynolds number indices of 0.24 and 0.20,
which correspond to tramsonic flight Mach numbers at altltudes of 49,000
and 55,000 feet, respectlvely. The total-pressure loss ratio across
the combustor was about 0.046 at a corrected engine speed of 7950 rpm
(rated speed).

4. Over the range of—engine speeds investigated, turbine efficiency
wasg approximately 0.86 at & Reynolds number index of 0.90. At & Rey-
nolds number index of 0.20, turbine efficiency varied from 0.86 at a
corrected engine speed of 8083 rpm to 0.84 at a corrected engine speed
of 7052 rpm. At a given corrected turbine speed, there was no discern-
ible effect of Reynolds number on turbine performance.

5. At exhsust-nozzle pressure ratios above 2.2, the exhaust-nozzle
Tlow coefficlent was constant at a value of 0.99. The exhaust-nozzle
thrust coefficient was constant at a value of 1.00 at all values of
exhaust-nozzle pressure ratio. These values of flow coefficient and
thrust coefficient are believed to be somevwhat higher than their true
value primerily because of errors in the average total pressure at the
exhasust-nozzle inlet. The compresscor-outlet-diffuser and tall-pipe-
diffuser total-pressure loss ratios reached peak values at a corrected
engine speed of 7600 rpm and were less than 0.01 and 0.03, respectively.

Lewie Flight Propulsion Laboratory
Nationsl Advisory Committee for Aeronautics
Cleveland, Ohlo, September 4, 1953
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APPENDIX A

SYMBOLS

The following symbols are used In this report:

area, sq £t

test-bed balance force, 1b
exhaust-nozzle flow coefficient
exhaust-nozzle thrust coefficient
jet thrust, 1b

fuel-air retio

acceleration due to gravity, 32.2 ft/sec2

enthalpy of air or gas mixture, Btu/lb
Mach number

engine speed, rpm

total pressure, ib/sq t abs

static pressure, 1b/sq ft abs

gas constant, 53.4 f£t-1b/1b-°R
total temperature, °R

indicated temperature, °R

velocity, ft/sec

combustor reference velocity, ft/sec
air flow, lb/sec

fuel consumption, 1b/hr

gas flow, 1b/sec

thermocouple impact recovery factor, 0.85

11
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Y ratio of specific heats

e} pressure correction factor, P/leG (total pressure divided by
NACA standard sea-level pressure)

1 efficiency

] temperature correction’ factor, YT/(1.4)(519), (product of ¥

and total temperature divided by product of Yy and tewmpera-
ture for air at NACA standard ses-level conditions)

Am + B
N -~ 1 (see ref. 5), Btu/lb of fuel
p density, slugs/cu £t
@ ratio of absolute vliscosity of alr at engine inlet to absolute

viscosity of NACA standard atmosphere-at sea level

5/p4f6 Reynolds number index

Subscripts:

a air

act actual

b combustor
c compressor

eff effectlive
g ga.s mixture

igsen  1sentropic

n exhaust-nozzle outlet
r rake

8 scale

t turbine

X engine-inlet duct

0 free stream

3027
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1 engine inlet

3 compressor outlet

4 combustor inlet

5 turbine inlet

6 turbine outlet (tsil-pipe diffuser inlet)

7 exhaust-nozzle inlet (tall-pipe diffuser outlet)
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APPENDIX B

METHODS OF CALCULATION

Total temperatures were calculated from thermocouple indicated
temperatures with the equation.

r-1
s T
(2)
T = 2 (1)
r-i
P T
1+ - -
o (p) 1
Alr flow. - Engine-inlet air flow was determiuned from pressure and
temperature instrumentatlion at station 1 by use of the equation '
Tl-l T'l-'l
T
1 1
2r P P
- o - 1 &g [’ L _L
Ma,1 T 81871 = PiAN [¥ T ey (ITf) (;Pl) -3 (@)

The various compressor-outlet bleed flows and compressor leaksge air
were determined to be about 2 percent of the inlet air flow. All bleed
and leskage flows rejolned the main-stream mess flow before passing
through the exhaust nozzle.

Compressor efficlency. - Compressor efficiency was calculated by
using the air tables of reference 4 and by neglecting the water-vapor
corrections. With the compressor pressure ratic and the compressor
inlet and outlet temperatures known, the compressor efficiency was
determined from the following expression:

n = Ahisen _ bz ssen - By ) (3)
¢ Bhget  Bzect By 0 0 T

Turbine-inlet temperature. - Turblne-inlet temperature was deter-
mined from enthalpy-temperature tables after the enthalpy of the gas
at the turbine inlet was calculated as followa:

N Wa,1(hg 3 - by 1) o
8,5 Wie T P, 4)
O.QBWA,l + 3500

+

]
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Combustion efficiency. - Combustion efficiency is defined as the
ratio of the actual enthalpy rise through the coubustor to the theoreti-
cal maximum enthalpy rise. The following equatlion was used to calculate
combustion efficiency:

T = 18, 700F (5)

where 18,700 Btu per pound of fﬁel is the lower heasting velue of the
fuel and £ 18 the ratic of fuel flow to engline-inlet air flow.

Turbine efficiency. - The turbine adisbatic efflciency was deter-
mined from the following equatlon:

(8)

where Yt i1s the average value of T between stations 5 and 7.

Exhaust-nozzle flow coefficient. - The flow coefficient was calcu-
lated as the ratic of mass flow determined at the englne inlet (eq. (2))
to the mass flow calculated at the exhaust-nozzle outlet. The exhsust-
nozzle-outlet mass flow was calculated as follows:

T7-1 T7-1

T T
2y A 1SRN
g,n o n (T7 - 1) RT7 Pn Pn,

When the nozzle was choked, p. +was calculated from the pressure ratio
required for choking as determined by 7t7. When the nozzle was not

choked, p, was assumed equal to pg.

Exhaust-nozzle thrust coefficient. - The thrust coefficient was
calculated as the ratio of scale Jet thrust toc rake Jjet thrust. Scale
thrust was obtained from the equation
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Fye = B+ =% 4 Aoy - 2) (8)

The rake Jet thrust was calculated from the mass flow determined at the
engine inlet and from an effective velocity deteruined by the exhsust-
gas total temperature, the ratio of specific heats, and the exhaust-
nozzle pressure ratio. The expression used, whlch represents the

thrust of & convergent nozzle, we.s
(wa,1 + wf/ssoo)

Fsr =7 & = Verr | (9)

The effective velocity parametex_' Includes the exceess of pressure beyond
that converted to velocity for supercritical pressure ratios (see ref. 6).
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TABLFE, I, ~ COMPOMENT PENFORMANCE DATA FR J73-0E~1A TURBOJEY ENGINK W
un |iltitude | Reynolds | Rem- |Flight Enging~ -inlet| Comprassor- {Comprassor-{ Ocubostor-|Tarbine~ |Turbine-|Torhins- | Exhaust-
ft number [pressure | Mach inlet total cutlet total| outlet inlet I1plet inlet cutlat ] nozzle-
index, | ratio, [mumbar, total |temperqbure,| .pressure, total total total total total inlet
LN By/mg prasause, Ty Py terpara-~ |presmmrs, [prasaurs, |teupera-{pressure,| total
""W_“""" Pla [ 1b tura, P_‘. PE‘ turs, b1 Y] Pressure,
nviL b TR ;at’ b b 'ggr 1 PR
8q It Kb8 #q IT &GS Bq L PR Ty
11 15,000 0.898 1,628 0,808 1185 7841 | T500 14811 198 11,868 ge? 11,788 11,235 2035 4181 4087
2 .893 1,611 .78 1134 737 | 11RO 1604 499 11,880 8186 11,573 11,042 1880 4113 4008
b4 B8 1.B20 . 798 1191 7814 | 6880 1810 498 11,330 06 11,247 10,728 1920 3008 3486
] .888 1,61% 795 1183 7218 | 5540 1808 498 10,192 870 10,118 6,848 1747 3580 3404
& .810 1.833 .808 1102 6581 | 3570 1327 468 8,19 811 8,105 7,741 1480 2840 2787
§| 15,000 0.74% 1.269 0.5% 1183 7aR2 |&l80 1514 408 ) 9,055 926 9,790 9,357 2025 5809 2598
T « 149 1.277 802 1178 T178 (£128 1508 4191 2,868 g21 9,788 9, 1998 34490 3393
8 761 1. , 808 1184 7818 | 5570 1820 485 9,519 905 9, 2,028 1933 3364 3272
] 190 1,270 , 604 1181 7222 | 4530 181} 497 8,528 a7e 8,487 8,072 1758 £999 2916
168 1,872 .57 1191 6880 |3120 1815 498 7,119 820 7,086 E,721 1610 473 2428
15,000 0.661 1.]02 0.576 11987 TBEE | B4S0 1319 499 8,803 926 4,558 8,153 2030 £048 29868
. 801 1.112 .302 1187 7212 | 3958 1320 495 7,477 .11 ] 7,417 7,082 1780 2629 2287
.B88 1.118 L 1187 8411 | 2545 isar 453 5,856 798 B, 8308 5,538 1447 2019 1900
18,000 0.594 1.008 0.092 1183 TT05 | 4856 1180 494 7,715 ;= 7,681 7,518 2018 2720 <667
588 N ——— 1188 TESS | 4570 1182 4184 7,580 904 7,586 6,905 1957 2609 2539
.801 1, 055 1147 TopR | 5800 1188 492 8,738 a7l 8,804 8,378 1780 £391 2324
506 1,010 «118 1178 8407 | 2E80 1180 435 5,157 709 E,l42 4,863 1497 18a8 la52
28,000 0.580 1.628 0,802 781 768%% | 4800 1182 458 1,704 ;1% 7,137 7,508 2028 _759 2832
B3 1,%2¢ 800 700 7788 | 4770 1189 493 7,720 918 7,074 7,551 2000 2738 2650
B85 1.537 809 778 7827 |4R55 1198 494 7,423 904 7,578 7,054 1940 2838 258)
588 1.529 ] 771 as551 |2178 1168 455 5,303 [ 411 5,28l 4,991 1455 16843 1797
55,000 0,650 1,812 1.009 dRE 7875 | 4480 229 436 6,778 885 8,729 8,428 2013 2568 £3%8
561 |1.808 | 1.003 480 7817 | 3030 930 426 8,485 BAD 6,409 8,125 | 189%0 geeR 2217
54l 1.9 1.008 469 7214 | 3240 936 440 6,808 808 5,881 5,38) 1783 a0 2008
B5 1.912 1.008 491 8378 239 49 4,941 768 &,887 4,878 1E03 1728 1668
5,000 | O.417 | 1.948 | 0.816 495 7848 | 3340 787 468 5,185 §00 5,152 <, 040 1827
40 1,527 »A02 490 70807 | 3480 T48 81 5,181 fagd 8,183 4,915 2007 1812 1775
577 1. .800 488 7767 | 3080 TS 491 4,888 821 4,858 4,842 2035 1738 1864
L3738 1.643 .818 481 a7 | 2800 754 497 4,687 a1l 4,857 4,450 1657 1
408 1,858 4809 488 7518 | 5010 bi 486 4,048 aréd 4,002 4,504 1680 1758 160%
402 1.552 808 491 458 [2770 752 471 4,707 885 4,763 4,b45 1863 18889 184l
401 | 1.848 .818 494 Terd 748 4T 4,429 847 4,308 4,804 | 1787 1585 1518
»387 1.644 495 T174 761 504 4,175 a8 4,1ED 3,956 1763 1488 1422
368 1.548 .818 a8 ag76 | 18868 750 492 3,049 BO7 3,840 5,488 1857 1878 1238
49,000 0.247 1.787 D, 950 254 7609 {1630 454, 488 X,Q0B1 ael 5,038 2,898 1943 1080 1048
242 1,764 K-3.7) 280 7625 |1a80 456 470 3,024 aas 3,018 2,871 1954 1038
238 1.798 ;1.1 £51 7220 {1500 449 478 2,684 as58 2,587 2,547 1603 986 810
.250 | 1.761 857 259 £08¢ |1340 456 4886 2,581 agl 2,582 2,427 | 1890 889 876
289 | 1.7%9 928 a7 5680 |1060 “u? 488 2,190 818 2,189 2,089 | 1670 58 742
55,000 0.151 1.861 1.05 178 7861 (15830 61 466 2,382 688 2,546 2,238 2000 820 808
.186 1.816 .0 107 7608 1144) 3688 5 2,315 BER 2,505 2,194 1830 a7 794
.18 1.040 1.022 183 7203 | 1270 568 4684 ®,176 B48 2,188 2,063 1817 751 Tél
193 1,875 682 g8 6ssa (1078 554 483 1,888 a21 P91 1,882 1700 892 883
205 | 1,994 1.045 181 607+ | 8ap 381 84 1,830 784 ’ 1,756 | 1s80 853 24
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TARLE I. - Conoludsd, COMPOHENT PERFORMANGE DATA POR J73-0E-1A TURBOJET ENGINR

Run [Exhaupt- [Engine- fcorreated |Corrected| comprensor] Compras-| Fuei-sir |combustor |Combun- [Corracted |Corrected |Turbine |Turbine|Ethaust- |Exhaust-| Exhanst~
gns inlst | englne— | engloe total- sor retio, total- tion turblne | turbine | totel- | effl- | nogxle | nozzle | nozsle
total air inlet spaed, | presmure | elri- Wp presmre | offl- spaad, (gas flow, [pressure|aiency, |presgure| flow thrust
tempera-| fiow, Rir flow, ).} ratio, |clemy, 5———— lons ciency, b L _‘/,—5 ratio, ™ retio, coel- coef-
"-;-;‘:. ";‘,:1- A 1-\/!;; -/EJ Ps/rl Mg 600Ny 3 (;:tiuis) , _v/a-s‘ _LT_ﬁ' Psﬁ’a I'-,/po ﬂ:mt, Tiglent,
EL L (i) b
see 1b_ Py 1.4
men In
nng
11 1684 124,3 142.3 7998 8.548 0,820 0.01688 0.0453 0.961 4082 47.65 £.581 0.864 | 3.449 0.988 0.887
2] 1814 125.0 14l.a 7890 &.483 .B29 0161 0468 954 4087 47,27 £.885 866 | 3.35383 .89 .898
3| 1654 121.7 139.5 7778 g.280 b 0153 0452 .956 4078 47,53 2.886 880 | 3.282 18 ~998
41 1411 1147 131.7 71567 B.6847 .851 .0130 0485 949 4040 47.08 2,885 874 | 2.920 .8as5 985
6| 1178 101.7 115.5 6719 4.49% 848 L0092 0552 976 4005 47,05 2.726 B48 | 3,388 .848 878
a| 1650 103.8 142.4 7977 6.508 0.8820 0,0185 0.0483 0.955 4091 47.719 2.861 0.873 | 2.947 0.998 1.004
7| 1828 105.3% 142.1 7848 6,542 .823 0165 D4EB 945 4092 47,24 2.676 .872 | 2.878 «967 .997
al 1570 102.8 139.8 7788 6.263 .823 0183 0452 964 4066 47.73 2.882 876 | 2.784 .997 994
9] 1422 98.011 151.5 7580 5.640 B4l L0151 L0467 954 4038 47.29 2,802 .B64 | 2.4B8 L8554 .996
10( 1220 B6.91| 118.7 6833 4.699 847 .0100 0827 8563 4002 47.21 4,717 .845 | 2.037 .981 .9a7
11} 16%8 90,21 | 1l4l.9 7983 8.522 0.822 0.0188 0.0452 0,955 4088 47,65 2.875 0.882 1 2.478 0,995 1,008
12] 1428 85.97 | 131.4 T385 5.884 LB48 L0131 0461 J963 £025 47,14 2.894 .B57 | 2.154¢ . 999
13 1172 70.52 | 109.6 6548 4.281 830 0083 20543 . BT 3819 41.18 2.839 848 | 1.688 A 1.010
14| 1844 8l.45) 14l.3 7980 6.482 0.808 0.016¢ 0.0448 0.959 40835 47,81 2.682 Q.872 | 2.248 0.997 1.003
15| 1578 79.00] 138.3 e 8,244 LHA29 0164 Qe50 .9 4054 47,35 2.682 8082 | 2.135% .890 1.008
18| 1440 75.321 130.5 7417 5.887 827 0135 0481 986 4008 41.23 2.ee7 +88) | 1.958 .9al 1.018
17] 1221 63.56 | 109.8 8574 4.534 838 0088 Q545 .985 5355 47,58 2.578 ,808 | 1.572 871 1.019
18] les4 6l.48] 141.2 a027 6.539 0,811 0.0187 0,0441 0.950 4093 4T 44 2.681 0.888 | 3.434 0.992 0.993
19] 1635 81.15| 140.a 7388 8.500 .al2 0183 L0447 .BB8 4084 47.24 2.688Q 650 | 5.408 .880 994
20| 1578 €0.08 | 138.2 7818 6.207 .817 0147 0467 1.009 4086 47.75 2.688 877 | S.29¢ 593 .988
2} | 1178 £5.88 | 1l4.¢ g708a 4.484 847 ,0082 -0848 .380 3995 47,19 2.708 .838 | 2,313 984 971
22| 1642 70.04 | 1481 86802 7.24 0.775 0.0178 0.044% 0.9354 4150 48.78 8.6 0.884 | +.807 0.87€ 0,994
23| 1540 68.18 | 144.2 8311 §.939 796 0158 0448 961 4115 46,80 2,700 . 4.524 . .9a7
24| 1589 §6.55 | 138.7 7854 8,297 B28 .Q138 10482 .988 4087 45.50 2.80% .856 { 4.187 .983 .584
251 17 60.04 | 125.8 7180 5.262 BAB .0106 0484 859 4011 46,80 2.707 L8358 | 3.438 .983 977
28| 1885 55.89 | 141.5 8268 8.731 0.778 0.0172 0.0442 0.963 4090 47,57 2.685 D.885 | 3.506 0,995 1.017
2T] 1839 S3.68 ) 143.1 8283 B.9%6 .199 0170 0450 4953 4098 46.74 2.71e .852 | s.822 .985 1.000
28| 1661 50.94 | 139.4 8018 8.601 800 .0188 0452 .958 4087 47.%0 e.e80 .B66 | S.444 .930 1.007
291 1685 49.87] 138.9 1784 6.180 .Bla 0188 SO44B .967 4047 47,48 2.808 884 | 3,287 .D98 1.007
50| 1569 535.20 | 141.7 8048 E6.581 805 0157 0483 +98), 4081 47,35 2.688 B46 | 3.474 .995 1.008
3| 1517 B2.Q2 | 1B9.5 7808 &.379 L] .0lin 0458 964 4041 48,98 2.801 .B5G | 3.542 .387 1.004
321 1434 49.81 | 133.9 7548 5.01% 836 0154 Ro 1 h] 966 407 47.0% a.703 .BB5 | 3.132 .9088 1.020
35| 1431 46.77% las.1i 1280 5.488 838 A131 0470 .988 3989 47.08 a.688 858 | 2.884 991 B62
3| 1248 44.10| 11u.8 6921 4.065 .842 LQlos 0517 882 3889 47.14 2.711 847 | 2.553 994 1.002
35| 1619 32.18| 142.3 alo8 8.720 0.794 0,0157 Q.0468 0.951 4058 «7.28 2.7352 0.855 | 4.114 0,894 1.000
3£ 1504 31.78] 14D.2 8011 8,852 .BO4 L0164 .04B1 L9353 4043 48.66 2,75 .848 | 5.881 581 1.012
371 1480 25.19 | 131.6 7047 B.97a .B28 Qa3 Mall. o) .938 59685 48,17 2.75% B51 | 3.8g5 8T8 1.008
38| 1564 29.25 | 1a8.6 1540 5.616 .B52 L0127 0490 952 3861 46.88 2.73 861 | 3.3A2 880 1.000
39| 1288 25.9¢) 118.8 8903 4.839 8558 0112 0548 041 3932 48.78 2.737 .a42 | 2.887 688 958
40| 1830 £25.41] 145.0 8095 5,701 0.768 q.Q187 0.0469 0.9684 4098 48.56 a.127 0.886 | 4.514 1,019 0.377
41| 1572 24.89 | 139.4 7966 £.503 788 L0181 0481 947 4015 47,52 2.719 B2 | 4.030 .997 .987
48] 1476 23.91] 134.8 7859 8.13% .820 .0l48 JO4T8 29 3973 48,98 2. 47 Odd ] 4,048 .992 .983
43| 1381 £3.02] 3129.¢ 7587 5.636 .a2a -also D487 .950 3T 47.48 2.1 B3T7 | S5.614 898 .985
4| 1278 21.76| 1e0.A 7059 5.060 .Ba8 01l4 .0614 995 91T 47.06 B.743 840 | 3.448 549 099
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Flgure 1, - View of J73-GE-14 engine in altitude ohamber.
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(a) Compreasor.

Flgure 2, - View of J73-GE-1A turbojot-engine components,
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(b) Combugtor end transition liners.

12

Figure 2. - Contlnued. View of J73-GR-1A turbojet-engine camponents.
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{c) First- and second-stage turbine vheel assemblies.

Figure 2. - Conoluded. View of J72-GE-1A turbojet-engine caspomenta,

1208



Exhaust-gas colleotor

Movable test bed

CD-3213
Figure 3. - Altitude chamber with engine Installed in test sectiom.
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Coxpresscr Cabustor ~Turbine
54 2§ 0
l ‘ ] | ' Exheugt
| o
L] p - - —_’/'
| I
Station Locatlon Total- | Static- | Wall mtatio~ | Thermo-| —~AlGA~
: progeure | pressurs | Ireasure couplen (D=30868
tubeg tubes orlfioces
1 Engine inlet 36 15 4 16
3 Compressor outlet 20 4 5 6
4 Conbustor inlst 5 0 0 0
5 Turblne inlat 8 0 0 0
6 Turbine outlet 24 4] 8 20
7 Exhaust-nozzle 28 15 4 20
Inlet i

Figure 4. - Cross section of turbolet angine showlng statlons at which Ingtrimentatiom wag installed.
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Total prsesure
atatic preasure
Theroocouple

{a) Statlon 1, englne inlet, Passaga (b) Station B, compressor outlat. Passage (o) Btation 4, cowbustor inlet.
height, 2.8 inchem; locatien, 57 inchen height, 2.6 inches; lceation, 4.€6 Inchan Paapaga height, 4.7 inchas;
upstream of inlet gulde wvanea. downstress of compresaor uutilt. ilopation, 7.8 ilnchss down-

stream of compreasor outlet,

{4) station 5, turbine inlat. Passage (a) Station 8, turbine outlet, Passage .{£) Btetion 7, exhaust-nossle inlet.
haight, 4.5 inches; looation, 2.5 inches height, B inches; location, 5.2 inghes Diameter, 23.5 inohes; locatlon, 11.8
upstrean of turbina-nozzle leading edge, dosmatrear of turhine outlet. inches upstresn of » t-nonie cutlet.

Pigiree B. - Losation of instmmentation (vlew looking Aoymatresm).
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Average radial temperature

radia) pressure

Over-all everage

Averagp

“Over-all average

1.02

1.00

‘98

1.02

1.00

1.00

.98

-

NACA RM ES3I08

£t

15,000

15,000
15,000
15,000
55,000

p<dApPOO

55,000

Mach

number

0.80
.80
007
.07

1.01

1.01

number
index

0.80
.90
.59
.59
.20
20

Altitvede, Flight Reynolds Corrected engine

N/W/EIJ rpm

speed,

7996

6718
7990
6574

8093
7059

—3

(a) Totel temperature, T, (4 rekes).

Location of —robes

(v) Totel pressure,

Py {4 rekes).

Toner wall

——

| -

Quter wall

o

20

40

80

Redial height, percent

(c) stetic pressure, py (4 rakes).

100

Flgure 6. - Pressure and temperature profiles &t engine inlet, station 1.

g
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Uh~e vass

Average radial pressure

NACA RM ES3I08 Y 27
Altitude, Flight Reynolds Corrected
NACA, £t Mach  number engine speed,
number index N, -,/61 s TP
(o] 15,000 0.80 0.90 7996
(m} 15,000 .80 .90 6719
1.04 N 15,000 .07 .59 7990
4 15,000 07 .59 6574
v 55,000 1.01 .20 8093
A 55,000 1.00 .20 7059
1.02 F
/ Splitter vane
g |
>
o
- 1.00 /
i /
& N
@
5 / /%
.98 %
.96
{a) Total pressure, P:5 {4 rakes).
1.04
1.02
O
@
&
L A
N 3
g 5
3 ) 3
8 8
.98
o] 20 40 60 . 80 100

Average radial temperature

Radial height, percent

(v) Totel temperature, Tz (2 rakes).

Figure 7. - Pressure and temperature profiles at compressor ocutlet, stetion 3.
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Altitude, Flight Reynolds Gorrected
£t Mach number engine speed
number index N 1/61, rpm
1 (o] 15,000 0.80 0.90 7996
u ] 15,000 .80 .90 6719
[\ 15,000 .07 .59 7990
4 15,000 .07 .59 6574
v 55,000 1.01 .20 8093
4a 55,000 1.01 .20 7059
1.02
Eg 1.00 N AN
g‘d V. '\
g
ok
ES‘.‘S .98 —
:é =
B
b &
.96
0 20 40 60 80 100

Radiel height, percent

Figure 8. -~ Totel-pressure profiles at outlet of compressor-outlet diffuser,
station 4 (1 reke).

Radial height, percent

:

ale 1 01

H E 5 3

4f | :
F D
E‘Ig -99 20 40 60 80 100

8

%

Figure 9. - Total-pressure profiles at turbine inlet, station 5 (3 rakes).
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Average radisl pressure

Average radial temperature

Over-all average

Over-all average

1.04

l.02

1.00

.98

.86

1.04

1.02

.98

.96

Altitude, Flight Reynolds Corrected

£t Mach number engine speed,
mmber index  K/+/6y, rom
Q 15,000 0.80 0.90 7996
O 15,000 .80 .90 6719
N 15,000 .07 .59 7980
4 15,000 .07 .59 6574
X 55,000 1.0L .20 8093
55,000 1.0L .20 7059
N
27
"

(2) Total pressure, P, (4 rakes).

Inner wall

ol
\
Outer wall

20 40 60 80 100
Radial height, percent

(b) Totsl tempereture, Tg (4 rakes).

Figure 10. - Pressure and temperature profiles at turbine outlet,

station 6.
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)|
s m:: - Altitude, Flight Reynolds Corrected
i t Mach number engine speed,
T 77 nutber 1index - § 1/61, rpm
QO 15,000 0.80 0.80 7996
O 15,000 .80 .80 6719
b 15,000 .07 .59 7990
4 15,000 .07 .59 6574
1.04 ¥ 55,000 1.01 .20 8095 J
A S5,000 1.0L .20 T059
1.02 M/
é M
e §’ 1.00
g
q| &
LK
g .88
E
.96
.94
(a) Total pressure, P; (4 rakes).
1.04
§ 1.02 /
& f‘IQA
@ / V 'D
g q
@
3 a 1.00 | / P
o
i T
5 ! 3
x 98 |o iz C
& &
ﬂ?‘. §
96 5 20 40 80 100

60
Radial height, perceot

(v} Total temperature, T, (4 rakes).

Figure 11. - Presgssure and temperature profi_.les at exhaust-norzle

inlet, station 7.
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Corrected air flow, W, 14/6;/8;, 1b/sec

3L

150
146 /J's
N ,{
2l
142 A
g
138
Rated corrected speed
/ /
134 / /f
V
130
v
7/ Altitude, Flight Reynolds
L Mach number
/ number Iindex
/ Q 15,000 0.80 0.90
126 3 15,000 .60 .75
/ 15,000 .39 .66
/ A 15,000 .07 .59
V 25,000 .80 .59
/ P> 35,000 1.01 .54
< 35,000 .81 .39
122 7 49,000 .94 .24
N 55,000 1.01 .20
<
118
/
/
114 g/
6200 8600 7000 7400 7800 8200 8600

Corrected engine speed, W/~/B;, rpa

() Corrected air flow.

Figure 12. - Compressor performsance.



Compressor efficiency, LR

- NACA RM ES5I08

Altitude, Flight Reynolds
ft Mach number
number index

O 15,000 0.80 0.90
g 15,000 .80 .75
<& 15,000 .39+ .86
A 15,000 07 .59
v 25,000 .80 .59
P> 35,000 1.01 .54
d 35,000 .81 .39
7 49,000 .94 .24
N 55,000 1.01 .20
.88
S—
"g’ Rated corrected speed

.84 é/ = — }§03
.80 4 \
T NN

.76
6200 6600 - 7000 7400 7800 8200 86800

Corrected engine speed, N/ ), rpm

A

(b) Compressor efficiency.

Figure 12. - Continued. Compresscr performance.
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Altitude, Flight Reynolds
7.4 ft Mach  number
number index
0 15,000 0.80  0.90 /
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Figure 12. - Concluded. Compressor performance.
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Figure 13, - Compressor-putlet-diffuser total-pressure loss.
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Figure 14. - Combustor performance.
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Figure 15. - Turbine performance.
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Figure 16. - Tall-plipe-diffuser total-pressure loss.
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Figure 17. - Exhaust-nozzle performence.
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